A novel and efficient methodology for the arylation of benzoxazoles with aromatic aldehydes catalyzed by deep eutectic solvent has been developed. The reaction smoothly proceeded with a wide range of substrates to give the desired products in high yields within short reaction time. Deep eutectic solvents are easily recovered and reused without significant loss of catalytic activity.
Introduction
2-Arylbenzoxazoles are important structural subunits in natural products, pharmaceuticals, agrochemicals, and dyes. [1] [2] [3] [4] Therefore, the development of efficient synthetic methods for C2-arylation of benzoxazoles has received much attention. 5, 6 Among them, palladium-catalyzed cross-coupling is one of the most powerful and reliable tools to achieve arylsubstituted benzoxazoles through direct C-H activation and subsequent C-C bond formation. [7] [8] [9] However, this protocol still suffered from inherent drawbacks associated with the use of uncommon, toxic, and expensive agents such as aryltrimethylammonium triates, 7 aryl halides or triates, 10-17 aryl boronic acids, 18 sodium arylsulnates, 19 arylsulfonyl hydrazides, 20 and 3-phenylpropionic acid. 21 Additionally, the requirement of high-cost palladium catalysts and other expensive additives also prevents the palladium-catalyzed cross-coupling procedure from being employed in large-scale synthesis. 22 Recently, the replacement of palladium by other transition metals, such as bis(diisopropylphosphinomethyl) amine nickel(II) and nickel(0) complexes, 23 metal-organic frameworks, 24, 25 and Ni(COD) 2 , 29 has been investigated. These direct arylation methods have received much attention due to their advantage of avoiding the use of stoichiometric amounts of expensive organometallic reagents or additives. However, these protocols still encounter several problems including low yields, long reaction times, poor substrate scope, and high toxicity. Therefore, the development of an effective alternative method for the arylation of benzoxazoles remains highly desirable. Aromatic aldehydes are considered as preferable reagents in the arylation of benzoxazoles owing to their widespread availability, non-toxicity, and low-cost production. The reaction between benzoxazoles and aromatic aldehydes can be conducted in the presence of a suitable catalyst, e.g., molecular I 2 or FeSO 4 .
30,31 Until now, there has been no further report on the arylation of benzoxazoles using aldehydes as reagents.
In an attempt to develop a cost-effective and environmentally benign protocol, we focus on exploring a new and affordable catalyst for direct arylation of benzoxazoles under "greener" conditions. Deep eutectic solvents (DESs) which were discovered for the rst time by Abbott 4 and the NMR spectra show that the catalyst is free of impurities. DESs with high viscosity and the inter-as well as intra-dipolar interactions can cause the broadening effect on the resonance signals of NMR spectrum. 54 The high viscosity of DES used in the current work involves the formation of massive hydrogen bond network between each component.
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Optimization of reaction conditions
We initiated our studies by investigating various reaction conditions for the C2-arylation of benzoxazole by benzaldehyde (Tables 1 and 2 4 proved to be an effective catalyst for the highly selective C2-arylation of benzoxazole with benzaldehyde in 2 : 1 molar ratio. The method provided the desired product in high yield in the absence of other additives such as organic solvents or bases. It is also noteworthy that this arylation of benzoxazole proceeded smoothly without the need of inert atmosphere.
With the optimized catalyst in hand, the scope of the benzoxazoles and aromatic aldehydes in the arylation reaction was studied ( Table 3 ). The results demonstrated that the developed pathway provided the C2-arylation products in high yields. Generally, the robust DES between ethylene glycol and zinc chloride allowed a variety of substituted benzoxazoles and aldehydes to transform into the desired products in good to excellent yields with 100% selectivity in C2-arylation. First, a large number of aromatic aldehydes, regardless of containing electron-donating substituents (methyl, t-butyl, hydroxy, methoxy) or electron-withdrawing substituents (nitro, halide), can react with benzoxazoles to produce the expected products under the given reaction conditions (Table 3 ). However, low yields of the desired products were observed for benzaldehydes bearing severe electron-withdrawing groups such as nitro or uoro substituents (Table 3 , entries 5, 6, 8, 10, 18, 26, 35) . Next, the scope of various benzoxazoles was also evaluated. As our expectation both 5-methylbenzoxazole and 5-chlorobenzoxazole generally underwent the arylation to give the corresponding products in very good yields ranging from 82 to 95% except the case of 4-uorobenzaldehyde and 4-hydroxybenzaldehyde whose resulting arylated products were only obtained in signicantly diminished yields of 70-75% (Table 3 , entries [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . For the benzoxazole bearing a nitro substituent, the lower yields of arylation products with various aldehydes were recorded even though harsher conditions (higher temperature for prolonged reaction time) were employed ( Table 3 , entries [31] [32] [33] [34] [35] [36] [37] . It is noteworthy that the condensation between benzoxazole and benzaldehyde was successfully performed on a 10 mmol or 20 mmol scale, and the yield is virtually the same as on 1 mmol scale (Table 3 , entry 1). The versatility of benzothiazole and benzimidazole as substrates in the replacement of benzoxazole was also reported. The adducts resulted from the condensation of benzothiazole with various aromatic aldehydes were isolated in comparative yields with those derived from benzoxazole (Table 4 , entries 1-6). Meanwhile, a failure in the formation of the desired product was noted for the case of benzimidazole (Table 4 , entry 7), probably due to the existence of intermolecular hydrogen bonds between the NH of benzimidazole and DES.
A comparative study between the current method and previous ones was presented in Table 5 . Deep eutectic solventcatalyzed arylation of benzoxazole afforded the arylated benzoxazole products in excellent yields under a mild and simple condition without the demand for any additives as in preceding reports (Table 5 , entry 6). Remarkably, no loss of catalytic activity in the recycling test of DES is the most prominent artifact of this protocol.
As asserted in previous literature through isotope-labeling mechanistic studies, the arylation of benzoxazoles with aromatic aldehydes underwent the ring-opening step assisted by Lewis acids such as I 2 or FeSO 4 to afford the key intermediate 2-aminophenol. Its nucleophilic addition to aldehydes followed by oxidative ring closure provided arylated benzoxazoles as nal products. 30, 31 As an extra part in our research to check the conformability of the proposed mechanism for the same reaction catalyzed by [ZnCl 2 ][ethylene glycol] 4 , we also carried out the acylation-cyclization of 2-aminophenol with benzaldehyde under the same optimized conditions which were previously applied for the arylation of benzoxazole by benzaldehyde. As the result, the same arylated benzoxazole product was obtained in a comparable yield of 85%. Additionally, in another control experiment whereby benzoxazole reacted with [ZnCl 2 ][ethylene glycol] 4 in the absence of benzaldehyde, 2-aminophenol was obtained in 62% yield. Thus, it is not doubtful that the arylation of benzoxazole studied herein must also undergo the ringopening step prior to the condensation step with aldehydes. Although the mechanism is not clear now, the method possesses attractive merits including cheap and recyclable catalyst, non-toxicity, and wide scope of substrates. The recyclability is an important feature for applying a catalyst in industrial processes. The recyclability of deep eutectic solvent of zinc chloride and ethylene glycol under study in this work was investigated in the model reaction. Aer completion of the reaction, the product was extracted with diethyl ether (10 Â 5 mL), the catalyst was separated from the ethereal solution and dried under vacuum. The recovered catalyst was This journal is © The Royal Society of Chemistry 2018 reused in the model reaction to the next run. As illustrated in Fig. 4 , the efficiency of deep eutectic solvent was found to be constantly excellent even aer ve consecutive recycles. IR spectroscopy of fresh and recovered deep eutectic solvent indicated that no detectable structural degradation can be seen (Fig. 5) . Aer each recycling test, a very small amount of DES leaching to diethyl ether phase during the work-up step was indirectly estimated by means of ICP-MS technique in which Zn content of about 0.08 ppm in the ethereal phase was determined. A slight decrease of catalytic activity was observed due to a little loss of deep eutectic solvent during the work-up process.
Experimental
General procedure for catalytic arylation of benzoxazole stirring. The completion of the reaction was checked by TLC and GC. The mixture was then diluted with diethyl ether (10 Â 5 mL). The solvent was removed on a rotary evaporator. The crude product was puried by silica gel chromatography using acetone/petroleum ether (1/19) to afford the desired product (95% yield). The purity and identity of the product were conrmed by FT-IR, 1 H NMR, 13 C NMR, and MS. The recovered catalyst was activated by heating under reduced vacuum at 80 C for 30 min and reused for next cycles.
Conclusions
In conclusion, we have developed the rst DES-mediated arylation of benzoxazoles with aromatic aldehydes at the C2 position under solvent-free condition. The most important highlight of the current method is the use of inexpensive, air-and water-stable, and recyclable deep eutectic solvent in the replacement of highcost palladium catalysts. Interestingly, only a catalytic amount of deep eutectic solvent is requisite for the quantitative production of various 2-arylbenzoxazoles through a simplistic, environmentally benign, and low-cost synthetic procedure.
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